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SEROTONIN 5-H1T3 RECEPTOR AGONIST

TECHNICAL FIELD

The present invention relates to a serotonin 5-HT3 receptor
agonist which comprises a urea dertvative containing a qua-
ternary salt as an active ingredient and has both a serotonin
5-HT3 receptor antagonistic action and a serotonin 5-H'T3
receptor activating action. The present invention also relates
to a novel urea derivative that 1s usetul as an active ingredient
of a serotonin 5-HT3 receptor agonist having the aforemen-
tioned characteristic features.

BACKGROUND ART

Emesis 1s a serious adverse reaction very Ifrequently
observed 1n patients administered with a cancer chemothera-
peutic agent and patients recerving radiation therapy, and
therefore, 1t 1s highly important to control emesis as an aux-
iliary therapy for suilicient cancer treatment. It was reported
that emesis due to cancer treatment was effectively sup-
pressed by intravenously administration of a large amount of
4-amino-3-chloro-N-[(2-diethylamino)ethyl]-2-methoxy-
benzamide (Non-patent document 2), which 1s an amide
derivative developed 1n the middle of 1960s as an antiemetic
drug or a digestive function promoting agent (nonproprietary
name “metoclopramide”, see, for example, Non-patent docu-
ment 1), and 1t became possible to control emesis to a certain
extent 1n cancer treatments. Since then, a wide variety of
substituted benzoic acid amide derivatives and heterocyclic
carboxylic acid amide denivatives have been synthesized and
their pharmacological properties were studied [for example,
Non-patent document 3 and Patent documents 1 and 2]. How-
ever, although metoclopramide suppresses mild emesis via an
antagonistic action on the dopamine D2 receptor, 1t fails to
suppress emesis caused by anticancer agents such as cisplatin
at usual doses. Further, since compounds having the benza-
mide structure have a dopamine blocking action and a central
nerve system depressing action, they cause undesirable side
reactions (for example, sedation, ataxic response, diarrhea
and akathisia).

The suppressing elfect against cisplatin-induced emesis
obtained by the administration of a large amount of metoclo-
pramide 1s considered to be attributable to a serotonin 5-HT?3
receptor antagonistic action [Non-patent document 4], and
various serotonin 5-H'T3 antagonists have been developed.
These compounds having serotonin 5-H'T3 receptor antago-
nistic action have been revealed to be effective for suppres-
sion of nausea and emesis as adverse reactions caused by
anticancer agents such as cisplatin and radiotherapy, and sev-
eral medicaments have been clinically used. Examples of the
climically used serotonin 5-HT3 receptor antagonists include
antiemetic drugs such as ondansetron, granisetron, which 1s a
lactam derivative, and tropisetron, which 1s an 1ndole deriva-
tive [ Non-patent document 5, Patent documents 3 and 4].

In the late 1970s, a benzoate derivative, MDIL.-72222
|Patent document 5 and Non-patent document 6], and an
amide derivative, ICS 2035-930 [Patent document 6 and Non-
patent document 6] were discovered, which have a serotonin
5-HT3 receptor-selective antagonistic action. Since then, sev-
eral benzoic acid amide derivatives and heterocyclic carboxy-
lic acid derivatives as serotonin 5-H'13 receptor antagonists
have been proposed [for example, Patent documents 7 and 8].
Ithas been reported that these compounds are effective for not
only nausea or emesis induced by anticancer agents,
migraine, arrhythmia and the like, but also schizophrenia,
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2

anxiety neurosis, dependence on alcohol, nicotine, narcotics,
and the like [Patent document 9 and Non-patent document 7].

The serotomin 5-HT3 receptor abundantly exists in the
vagus nerve aflerent neurons in the intestinal tract, and 1s
involved 1n regulations of sensation and reflex reaction 1n
response to stimuli 1n the intestinal tract to greatly atfect the
gastrointestinal motility. Several serotonin 5-HT3 receptor
antagonists as lactam derivatives are considered to be useful
for the treatment of gastrointestinal disorders associated with
upper intestinal motility [Patent document 10], and serotonin
5-HT3 receptor antagonists as benzamide derivatives [Patent
document 11] are considered to be usetul for the treatment of
gastrointestinal motility disorders. Further, serotonin 5-HT3
receptor antagonists as amide derivatives having the azabicy-
clic system [Patent documents 10 and 12] are considered to be
uselul for the treatment of wrritable bowel syndrome (IBS).
However, these serotomin 5-H'13 receptor antagonists suifer
from a problem that they cause constipation symptoms as
adverse reactions. For example, 1t was found that “alosetron™
[Patent document 13], which 1s a therapeutic agent for IBS as
a lactam derivative, caused serious 1schemic colitis and con-
stipation as adverse reactions, and was withdrawn from the
market 1n November 2000. Then, this medicament was reap-
proved under a strictly restricted use limited to female
patients with diarrhea-dominant IBS.

It has been found that benzoxazole derivatives, of which
development as digestive function regulating drugs 1s being
studied, have serotonin 5-HT3 receptor antagonistic action
[Patent document 14]. Further, amide dernivatives having a
benzoic acid skeleton disubstituted with an alkylenedioxy
group 1n the 2nd and 3rd positions have been disclosed as
serotonin 5-HT3 receptor antagonists [ Patent document 13].
As described above, several antiemetic drugs and digestive
function regulating drugs having the serotonin 5-HT3 recep-
tor antagonistic action have been reported. However, none of
these compounds have a urea functional group.

N-(4-Amino-5-chloro-2-methoxyphenyl)-4-benzylpip-
erazine-1-carboxyamide, a urea derivative of aniline, 1s dis-
closed 1n Patent document 16. Although this publication dis-
closes that the aforementioned substance has a tranquilizing
activity, 1t neither suggests nor teaches that the aforemen-
tioned substance exhibits an action selective to the serotonin
5-HT3 receptor, or that the aforementioned substance has an
antiemetic action or an action on the gastrointestinal tract.

Further, N-(4,3-dichlorophenyl)-4-methylpiperazine-1-
carboxyamide, a urea derivative, 1s known to have an antihy-
pertensive action [Non-patent document 8], and N-(3,5-trii-
luoromethylphenyl)-4-methylpiperazine-1-carboxyamide 1s
known to have an anticonvulsant action [Non-patent docu-
ment 9]. However, these publications do not suggest nor teach
that the aforementioned urea derivatives have an action selec-
tive to the serotonin 5-HT?3 receptor, and also do not disclose
that these compounds have an antiemetic action or an action
on the gastrointestinal tract.

Non-patent document 1: Merck Index, 10th edition, 6019

(1983)

Non-patent document 2: N. Engl. J. Med., 305, 905 (1981)

Non-patent document 3: Ann. Rep. Med. Chem., 38, 89
(2003)

Patent document 1: U.S. Pat. No. 4,207,327, p. 2

Patent document 2: Japanese Patent Unexamined Publication

(Kokai) No. 60-123485, p. 4
Non-patent document 4: Br. J. Pharmacol, 88, 497 (1986)
Non-patent document 5: Drugs of the Future, 14 (9), 875

(1989)

Patent document 3: European Patent No. 201165, p. 3
Patent document 4: European Patent No. 226226, p. 2
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Patent document 5: Japanese Patent Unexamined Publication
No. 58-978, p. 2

Non-patent document 6: Trends 1n Pharmaceutical Sciences,
8, 44 (1987)

Patent document 6: Japanese Patent Unexamined Publication
No. 59-36675, p. 17

Patent document 7: Japanese Patent Unexamined Publication
No. 61-275276,p. 11

Patent document 8: Japanese Patent Unexamined Publication
No. 62-252764, p. 10

Patent document 9: Japanese Patent Unexamined Publication
No. 1-31729, p. 4 and

Non-patent document 7: Eur. J. Pharmcol., 151, 159 (1988)

Patent document 10: European Patent No. 189002, p. 4

Patent document 11: European Patent No. 36269, p. 2

Patent document 12: European Patent No. 377967, p. 8

Patent document 13: Japanese Patent Unexamined Publica-
tion No. 1-1531578, p. 6

Patent document 14: Japanese Patent Unexamined Publica-

tion No. 6-345744, p. 2
Patent document 13: International Patent Publication W(QO92/
10494, p. 10
Patent document 16: Belgian Patent No. 866057, p. 3
Non-patent document 8: J. Med. Chem., 12, 551 (1969)
Non-patent document 9: Indian J. Chem., Sect B., 24B(9),
034 (1985)

DISCLOSURE OF THE INVENTION

Object to be Achieved by the Invention

As observed for the existing antiemetic drugs, azabicyclic
type drugs, and benzamide type drugs, the administration of
the compounds having only the serotonin 5-HT3 receptor
antagonistic action 1s not satisfactorily suificient from a view-
point of separation of the drug efficacy and adverse reactions.
Further, when the compounds having only the serotonin
5-HT3 receptor antagonistic action are administered as diges-
tive function regulating agents, a problem arises that consti-
pation likely occurs as an adverse reaction, although diarrhea
1s suppressed.

Theretfore, an object of the present invention 1s to provide a
serotonin 5-HT3 receptor agonist also having a serotonin
5-HT3 receptor activating action in addition to a serotonin
5-HT3 receptor antagonistic action, and exhibiting less
severe adverse reactions caused by the serotonin 5-HT3
receptor antagonistic action compared with those observed
for the conventional medicaments. Another object of the
present invention 1s to provide a serotonin 5-H'T3 receptor
agonist not acting on the central nervous system, but specifi-
cally acting only on the peripheral nerve system.

Further object of the present invention 1s to provide a novel
compound that 1s useful as an active ingredient of a serotonin
5-HT3 receptor agonist having the atorementioned character-
1stics.

Means for Achieving the Object

The mventors of the present mvention conducted various
researches to achieve the foregoing objects. As a result, they
found that a compound represented by the following general
formula (1) or a physiologically acceptable salt thereof has
both a serotonin 5-HT3 receptor antagonistic action and a
serotonin 5-H'T3 receptor activating action, and 1s useful as a
serotonin 5-HT3 receptor agonist exhibiting less severe
adverse reactions caused by the serotomin 5-HT3 receptor
antagonistic action compared with those observed for the
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conventional medicaments. The mventors of the present
invention also found that a novel quaternary salt compound
represented by the general formula (3) or a physiologically
acceptable salt thereof has the aforementioned characteristics
and 1s usetful as an active ingredient of a serotonin 5-HT3
receptor agonist that does not act on the central nervous
system, but specifically acts only on the peripheral nerve
system. The present invention was accomplished on the basis
of the aforementioned findings.

The present invention thus provides a serotonin 5-HT3
receptor agonist comprising a compound represented by the
general formula (1) or a physiologically acceptable salt
thereof as an active ingredient:

1 . |Formula 1]
A
R? )\ N N N—R’
~ X \ /
(CHoy
NN s O

R/‘\f
R4

[wherein R', R?, and R” may be the same or different, and
represent hydrogen atom, a substituted or unsubstituted lower
alkyl group, a substituted or unsubstituted lower alkenyl
group, a halogen atom, hydroxyl group, a substituted or
unsubstituted amino group, a lower alkoxy group, carboxyl
group, carbamoyl group, or nitro group, R* and R* may be the
same or different, and represent a halogen atom, hydroxyl
group, or a substituted or unsubstituted amino group, R°
represents hydrogen atom, a substituted or unsubstituted
lower alkyl group, or a substituted or unsubstituted lower
alkenyl group, R’ represents hydrogen atom, a substituted or
unsubstituted lower alkyl group, a substituted or unsubsti-
tuted lower alkenyl group, or a substituted or unsubstituted
aralkyl group, and m and n may be the same and different, and
represent an integer of 1 to 3].

The present invention also provides a serotonin 5-HT3
receptor agonist comprising a compound represented by the
following general formula (2) or a physiologically acceptable
salt thereof as an active imngredient:

|Formula 2]

SNGS LS

YT

\I/ O
R9

[wherein R® and R” may be the same or different, and repre-
sent a halogen atom, hydroxyl group, or a substituted or
unsubstituted amino group, R'° represents hydrogen atom, a
substituted or unsubstituted lower alkyl group, or a substi-
tuted or unsubstituted lower alkenyl group, and R"'" repre-
sents hydrogen atom, a substituted or unsubstituted lower
alkyl group, or a substituted or unsubstituted lower alkenyl

group|.
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The serotonin 5-HT3 receptor agonist represented by the
aforementioned general formula (1) or the general formula
(2) has both an antagonistic action and an activating action on
the serotonin 5-HT3 receptor and 1s useful as a serotonin
5-HT3 receptor agonist that exhibits less severe adverse reac-
tions caused by the serotonin 5-HT3 receptor antagonistic
action compared with those observed for the conventional
medicaments.

The present invention further provides a compound repre-
sented by the aforementioned general formula (1) or the gen-
eral formula (2) or a salt thereof (provided thata compound of
the formula (1) wherein R* and R* both represent chlorine
atom, a compound of the general formula (1) wherein R*, R”,
R®, R*and R all represent chlorine atom, and a compound of
the general formula (2) wherein R® and R” both represent
chlorine atom are excluded).

From another aspect, the present invention also provides a
compound represented by the following general formula (3):

|Formula 3]
RIZRY CHy)p RS
| / N7
R 13 N N X
~N /N
(CHy), RY
O
Rl4 Rlﬁ
RIS
3

[wherein R'?, R*>, R™, R" and R'® may be the same or
different, and represent hydrogen atom, a halogen atom, a

lower alkoxy group, trifluoromethyl group, a substituted or
unsubstituted lower alkyl group, a substituted or unsubsti-
tuted lower alkenyl group, or a substituted or unsubstituted
amino group, any two groups among R"*, R'>, R'* R'> and
R'® may bind to each other to form a cyclic structure (this
cyclic structure 1s a 5- to 7-membered cyclic structure con-
sisting solely of carbon atoms or a 5- to 7-membered cyclic
structure consisting of carbon atoms and one or two hetero
atoms, and may have one or more the same or different
substituents on the ring), R'’ represents hydrogen atom, a
substituted or unsubstituted lower alkyl group, or a substi-
tuted or unsubstituted lower alkenyl group, R'® and R'” may
be the same or different, and represent a substituted or unsub-
stituted lower alkyl group, alower alkenyl group, or an aralkyl
group, X represents a physiologically acceptable anion spe-
cies, and m and n may be the same and different, and represent
an integer of 1 to 3].

The present invention further provides a serotonin 5-HT?3
receptor agonist comprising a compound represented by the
alorementioned general formula (3) as an active ingredient.
This serotonin 5-HT3 receptor agonist has both an antagonis-
tic action and an activating action on the serotonin 35-HT3
receptor and 1s usetul as a serotonin 5-HT3 receptor agonist
exhibiting less severe adverse reactions caused by the sero-
tonin 5-HT3 receptor antagonistic action compared with
those observed for the conventional medicaments. Further,
this serotonin 35-HT3 receptor agonist does not act on the
central nervous system, but specifically acts only on the
peripheral nerve system, and therefore, the agonist 1s
extremely useful as a serotonin 5-HT3 receptor agonist
whose adverse reactions are reduced.

From another aspect, the present invention provides use of
a compound represented by the atorementioned general for-
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6

mula (1) or the general formula (2), or a physiologically
acceptable salt thereof, or a compound represented by the
general formula (3) for the manufacture of the aforemen-
tioned serotonin S-H'T3 receptor agonist.

The present invention also provides use of the aforemen-
tioned serotonin 5-HT3 receptor agonist as a medicament for
prophylactic and/or therapeutic treatment of a disease asso-
ciated with the serotomin 5-HT3 receptor, and a method for
prophylactic and/or therapeutic treatment of a disease asso-
ciated with the serotonin 35-HT3 receptor, which comprises
the step of administering a prophylactically and/or therapeu-
tically effective amount of the aforementioned serotonin
5-HT3 receptor agonist to a mammal including human.
Examples of the disease associated with the serotonin 5-HT?3
receptor include, for example, emesis, gastrointestinal motil-
ity disorders, 1rritable bowel syndrome, headache, neuralgia,
anxiety symptoms, depression, mental diseases, diarrhea,
constipation, and the like.

EFFECT OF THE INVENTION

A serotonin 5-HT3 receptor agonist containing a com-
pound represented by the aforementioned general formula (1)
or the general formula (2) or a physiologically acceptable salt
thereol, or a compound represented by the atorementioned
general formula (3) as an active ingredient has both an
antagonistic action and an activating action on the serotonin
5-HT3 receptor, and 1s useful as a potent serotomin 5-H'T3
receptor agonist having reduced adverse reactions. The sero-
tonin 5-H'T3 receptor agonist provided by the present inven-
tion 1s characterized by a higher serotonin 5-HT3 receptor
binding affinity than that of known urea derivatives having a
stmilar  structure, (N-phenyl-4-methylpiperazine-1-car-
boxyamide, N-(4,5-dichlorophenyl)-4-methylpiperazine-1-
carboxyamide, N-(3,5-trifluoromethylphenyl)-4-methylpip-
erazine-1-carboxyamide, N-(3-tfluorophenyl)-4-
methylpiperazine-1-carboxyamide, and N-(5-chloro-2-
methoxyphenyl)-(4-tert-butyloxycarbonylpiperazine)-1-
carboxyamide).

BEST MODE FOR CARRYING OUT TH
INVENTION

(L.

In the specification, the alkyl group, alkenyl group or
aralkyl group as a whole group or a part of a group may be
straight, branched, cyclic or may consist of any combination
thereof. The lower alkyl group means an alkyl group having 1
to 5 carbon atoms, and the lower alkenyl group means an
alkenyl group having 2 to 5 carbon atoms. Further, in the
present specification, the halogen atom may be any of fluo-
rine, chlorine, bromine and 10dine.

In the general formulas (1) to (3), one or more hydrogen
atoms of the alkyl group 1n the lower alkyl group represented
by le RS,J RSj R6j RTj Rle Rllj Rlzj Rl3,, Rl4,, RlSj Rlﬁj Rl’?j
R'® or R'” may be substituted. Examples of the substituent
include groups selected from the group consisting of a halo-
gen atom, hydroxyl group, carbamoyl group, amino group
and cyano group. One or more hydrogen atoms of the alkenyl
group in the lower alkenyl group represented by R*, R®, R”,
RS, R7,R!° R!! R!2, R!® R4 R!% R!® R!7 Ri8orR'® may
be substituted. Examples of the substituent include groups
selected from the group consisting of hydroxyl group, a halo-
gen atom, carbamoyl group, amino group and cyano group.
Examples of the substituent of the amino group represented
byR',R*, R’ R* R°,R®, R7,R"*,R"*,R"*,R"” or R'®include
a straight or branched lower alkyl group, a straight or
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branched lower alkylcarbonyl group and a straight or
branched lower alkenyl group.

In the general formula (1), preferred examples of the lower
alkyl group represented by R*, R” or R include methyl group,
cthyl group, n-propyl group, 1-propyl group, n-butyl group,
1-butyl group, t-butyl group, n-pentyl group (amyl group),
1-pentyl group, neopentyl group, 1-methylbutyl group, 2-me-
thylbutyl group, 1,1-dimethylpropyl group, 1,2-dimethylpro-
pyl group, cyclopropyl group, cyclopropylmethyl group, and
2-hydroxyethyl group. Further, preferred examples of the
lower alkenyl group represented by R*, R? or R” include vinyl
group, allyl group, homoallyl group, methallyl group, and
crotyl group. Further, preferred examples ol the substituted or
unsubstituted amino group represented by R', R’ or R’
include amino group, an acylamino group, and an alkylamino
group. The acyl group 1s that derived from an arbitrary car-
boxylic acid such as a saturated aliphatic carboxylic acid, an
unsaturated aliphatic carboxylic acid, a saturated or unsatur-
ated carbocyclic carboxylic acid, a heterocyclic carboxylic
acid, a hydroxycarboxylic acid and an alkoxycarboxylic acid,
and more specific examples include a lower alkanoyl group
such as formyl group, acetyl group, propionyl group, butyryl
group, valeryl group, 1-valeryl group and pivaloyl group, an
aroyl group such as benzoyl group, toluoyl group and naphy-
thoyl group, a heteroaroyl group such as furoyl group, nico-
tinoyl group and 1-nicotinoyl group, and the like. The acy-
lamino group may be monosubstituted or disubstituted, and
the term “alky]” 1n the aforementioned examples has the same
meaning as defined for the atorementioned lower alkyl group.
Further, the alkylamino group may be monosubstituted or
disubstituted. Preferred examples of the lower alkoxy group
include methoxy group, ethoxy group, n-propoxy group and
1-propoxy group.

Preferred examples of the halogen atom represented by R>
or R* include chlorine atom, bromine atom and fluorine atom.
Further, preferred examples of the substituted or unsubsti-
tuted amino group represented by R* or R* include the same
amino groups as the alorementioned amino groups. Preferred
examples of the lower alkyl group represented by R° include
the same alkyl groups as the aforementioned lower alkyl
groups, and preferred examples of the lower alkenyl group
represented by R° include the same alkenyl groups as the
alforementioned lower alkenyl groups. Preferred examples of
the lower alkyl group represented by R’ include the same
alkyl groups as the atorementioned lower alkyl groups, and
preferred examples of the lower alkenyl group represented by
R’ include the same alkenyl groups as the aforementioned
lower alkenyl groups. Symbols m and n may be the same and
different, and represent an integer of 2 or 3. The number of the
halogen atoms as substituents selected from the group con-
sisting of R, R*, R?, R* or R” is preferably one or two, since
cytotoxicity has generally been reported for compounds con-
taining 3 or more halogen atoms.
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In the general formula (1), more preferably, R*, R and R> 55
are selected from the group consisting of hydrogen atom,
methyl group and hydroxyl group, R* and R* are indepen-
dently selected from chlorine atom and methyl group, R° is
hydrogen atom, and R’ is methyl group or 2-hydroxyethyl
group. Symbols m and n are preterably identical or different
integers ol 2 or 3.

However, a compound of the general formula (1) wherein
R? and R* both represent chlorine atom, and a compound of
the general formula (1) wherein R, R, R>, R* and R” all
represent chlorine atom are excluded from the compounds of 65
the general formula (1) as the novel compounds provided by
the present invention.

8

In the general formula (2), preferred examples of the halo-
gen atom represented by R® or R” include chlorine atom and
bromine atom. Preferred examples of the substituted or
unsubstituted amino group represented by R® or R” include
amino group, an acylamino group and a lower alkylamino
group. The acyl group has the same meaning as that defined
above. The acylamino group may be monosubstituted or dis-
ubstituted. Examples of the lower alkyl group include methyl
group, ethyl group, n-propyl group, 1-propyl group, n-butyl
group, 1-butyl group, t-butyl group, n-pentyl group (amyl
group), 1-pentyl group, neopentyl group, 1-methylbutyl
group, 2-methylbutyl group, 1,1-dimethylpropyl group, 1,2-
dimethylpropyl group, cyclopropyl group, cyclopropylm-
cthyl group, 2-hydroxyethyl group, and the like, and the alky-
lamino group represented by R® or R’ may be
monosubstituted or disubstituted. Preferred examples of the
lower alkyl group represented by R'” include the same alkyl
groups as the alorementioned lower alkyl groups, and pre-
ferred examples of the lower alkenyl group represented by
R include vinyl group, allyl group, homoallyl group, meth-
allyl group and crotyl group. Preferred examples of the lower
alkyl group represented by R'" include the same alkyl groups
as the aforementioned lower alkyl groups, and preferred
examples of the lower alkenyl group represented by R''
include the same alkenyl groups as the atorementioned lower
alkenyl groups.

In the general formula (2), more preferably, R® and R” both
represent chlorine atom, fluorine atom or methyl group, R*'“ is
hydrogen atom, and R"" is methyl group or 2-hydroxyethyl
group.

However, a compound of the general formula (2) wherein
R® and R” both represent chlorine atom is excluded from the
compounds of the general formula (2) as the novel com-
pounds provided by the present invention.

In the general formula (3), preferred examples of the halo-
gen atom represented by R'*, R, R™, R™ or R'® include
chlorine atom, bromine atom and fluorine atom. Further, pre-
ferred examples of the lower alkoxy group represented by
these groups include methoxy group, ethoxy group, n-pro-
poxy group and isopropoxy group. Further, preferred
examples of the lower alkyl group represented by those
groups include methyl group, ethyl group, n-propyl group,
1-propyl group, n-butyl group, 1-butyl group, t-butyl group,
n-pentyl group (amyl group), 1-pentyl group, neopentyl
group, 1-methylbutyl group, 2-methylbutyl group, 1,1-dim-
cthylpropyl group, 1,2-dimethylpropyl group, cyclopropyl
group, cyclopropylmethyl group and 2-hydroxyethyl group.
Further, preferred examples of the unsubstituted lower alk-
enyl group represented by those groups include vinyl group,
allyl group, homoallyl group, methallyl group and crotyl
group.

Preferred examples of the substituted or unsubstituted
amino group represented by those groups include amino
group, an acylamino group and a lower alkylamino group,
and the “acyl group” herein referred to has the same meaning
as defined above. The acylamino group may be monosubsti-
tuted or disubstituted. Further, preferred examples of the
lower alkyl group 1nclude the same alkyl group as the afore-
mentioned lower alkyl groups. The lower alkylamino group
may be monosubstituted or disubstituted. Further, preferred
examples of the cyclic structure represented by those groups
include 1-naphthyl group, 2-naphthyl group, anthryl group,
phenanthryl group, indanyl group, 3,4-methylenedioxyphe-
nyl group, and the like.

Preferred examples of the lower alkyl group represented by
R'” include the same alkyl groups as the aforementioned
lower alkyl groups, and preferred examples of the lower alk-
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enyl group represented by R include the same alkenyl
groups as the atorementioned lower alkenyl groups. Preferred
examples of the lower alkyl group represented by R'® or R'”
include the same alkyl groups as the alorementioned lower
alkyl groups, and preferred examples of the lower alkenyl
group represented by R'® or R" include the same alkenyl
groups as the aforementioned lower alkenyl groups.
Examples of the physiologically acceptable anion species
represented by X~ include a halogen 1on, and preferred
examples thereof include chlorine 10n, bromine 10n and fluo-
rine 1on. Further, m and n are preferably the same or different
integers of 1 to 3.

In the general formula (3), more preferably, R'*, R*>, R*?,
R" and R"° independently represent hydrogen atom, chlorine
atom, bromine atom, fluorine atom, methoxy group, trifluo-
romethyl group, or methyl group, and R'” is hydrogen atom.
More preferably, R'® and R" independently represent methyl
group, n-propyl group, cyclopropylmethyl group, 2-hydroxy-
cthyl group, allyl group, or benzyl group. X~ 1s more prefer-
ably chlorine 10n, bromine 1on, or 10dine 10n. Symbols m and
n are preferably the same or different integers of 2 or 3.

Although the compound represented by the general for-
mula (1) can be prepared by various methods, the compound
can generally be prepared by the following two typical meth-
ods.

|Formula 4]
R! O
2
R SOCI,
OH 5
-
R’ R>
R4
4
R! O
R2 NELN3
Cl 7
.
R’ R>
R4
6
R! O
R2 )\ )I\
N X N, .
| R
o3 /\{\RS
R4
]
(/CHz)m
R R6—N N—R’
RZ )\ NCO \ /
\‘ I\ (CHa),
10
. /Y\RS -
R4
0
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-continued
(CHZ)IH
R! RS / \
R IL\H/N /N—R?
. . O (CHa)y
R4
1
(CHa)m
0 / \
R! >—N N—-R’
H
R® (CHy)y
12
R’ R g
R4
11
(CHz)m
R RO
VA
2 N R’
R\\ Y \/
o / . O (CH,),
R4
1
The objective compound represented by the general for-

mula (1) can be obtained by reacting a compound represented
by the general formula (9) [wherein R', R*, R>, R* and R’
have the same meanings as those defined above] with 1 to 10
equivalents of an amine represented by the general formula
(10) [wherein R°, R’, m and n have the same meanings as

those defined above].

Alternatively, the compound represented by the general
formula (1) can be obtained by reacting a compound repre-
sented by the general formula (11) [wherein R', R*, R°, R?,
R> and R° have the same meanings as those defined above]
with 1 to 10 equivalents of an acid chloride represented by the
general formula (12) [wherein R’, m and n have the same
meanings as those defined above]. The compound repre-
sented by the general formula (2) can be prepared in a similar
manner.

The compound represented by the general formula (4) can
be easily converted into the compound represented by the
general formula (6) by allowing a chlorinating agent such as
thionyl chloride to act on the compound represented by the
general formula (4) at 0 to 150° C. for 1 to 12 hours. Further,
the compound represented by the general formula (6) can be
casily converted into the compound represented by the gen-
eral formula (9) by allowing sodium azide to react on the
compound represented by the general formula (7) 1n a solvent
such as acetone at 0 to 150° C. for 1 to 12 hours to convert it
into the compound represented by the general formula (8) and
turther reacting the compound represented by the general
formula (8) 1n a solvent such as toluene with heating at 50 to
150° C. for 1 to 24 hours. The reaction between the compound
represented by the general formula (9) and the compound
represented by the general formula (10) usually rapidly
advances under an anhydrous condition 1n a solvent such as
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dichloromethane at temperature of 0 to 120° C. The reaction
between the compound represented by the general formula
(11) and the compound represented by the general formula
(12) usually rapidly advances in a solvent such as dichlo-
romethane at temperature of 0 to 120° C. 1n the presence of an
alkylamine base such as triethylamine.

The compound represented by the general formula (3) can
be prepared by the following method.

|Formula 5]
(CH2)m
12 17
13 ___pls 14
R Y\/
O CH
R4 R16 (CHah
R]S
13
(CHZ)m
R 12 R17 / \ 13
R!3 ILT N N*/ A
‘ R19
Rl4 /\Rlﬁ O (CHQ)H
RIS
3

Specifically, the objective compound of the formula (3) can
be obtained by reacting a compound represented by the gen-
eral formula (13) [wherein R'#, R*?, R"*, R">, R'°, R"", R'®,
m and n have the same meanings as those defined above],
which can be obtained 1n the same manner as that used for the
compound represented by the general formula (1), with a
compound represented by the general formula (14) [wherein
R" has the same meaning as defined above, and X represents
a halogen atom]. For example, the compound represented by
the general formula (3) can be easily obtained by reacting a
compound represented by the general formula (13) and a
compound represented by the general formula (14) 1n a sol-
vent such as tetrahydrofuran at temperature of 0 to 80° C. for
1 to 5 hours.

The compounds represented by the general formulas (1) to
(3) are useful as an active mgredient of a serotonin 5-H'T3
receptor agonist having a serotonin 5-H'13 receptor activating,
action 1n addition to a serotonin 5-HT3 receptor antagonistic
action (action of a serotonin 5-H'13 receptor agonist having
the atorementioned characteristics may also be referred to as
a serotonin 5-HT3 receptor partially activating action).
Therefore, the serotonin 5-HT3 receptor agonist of the
present invention can be used as a medicament for prophy-
lactic and/or therapeutic treatment of a disease associated
with the serotonin 5-HT3 receptor. Examples of the disease
associated with the serotonin 5-HT3 receptor include emesis
caused by anticancer agents such as cisplatin and radiation
irradiation, nausea or emesis caused by kinetosis such as
motion sickness, gastrointestinal motility disorders, irritable
bowel syndrome, headache, neuralgia, anxiety symptom,
depression, mental diseases, and the like. Further, the com-
pound represented by the general formula (3) has the afore-
mentioned characteristics as well as a characteristic feature
that the compound does not pass through the blood-brain
barrier, because of being a quaternary salt, and thus the com-
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pound 1s usetul as an active ingredient of a serotonin 5-HT3
receptor agonist that does not act on the central nervous
system, but specifically acts only on the peripheral nerve
system. More specifically, the compound specifically acts on
the peripheral vagus nerve system of the intestinal tract, and
1s usetul as an antiemetic drug that suppresses symptoms such
as nausea and emesis without adverse reactions on the central
nervous system, particularly in the prophylactic and/or thera-
peutic treatment of emesis caused by administration of an
anticancer agent or radiation rradiation. Further, the seroto-
nin 5-HT3 receptor agonist of the present invention can avoid
constipation as an adverse reaction of serotonin 5-H'T3 recep-
tor antagonists, and can be used as a medicament for prophy-
lactic and/or therapeutic treatment of gastrointestinal motility
regulation.

The compound represented by the general formula (1) or
(2) can be used 1n the form of a free base or a physiologically
acceptable salt thereof as an active ingredient of the serotonin
5-HT3 receptor agonist of the present invention. For example,
the compound represented by the general formula (1) or (2)
can also be used 1n the form of an appropriate acid addition
salt. Examples of such a saltinclude a physiologically accept-
able nontoxic salt, and preferred examples thereof include a
salt of a hydrohalide acid such as hydrofluoric acid, hydro-
chloric acid, hydrobromic acid and hydroiodic acid, an 1nor-
ganic acid salt such as sulfate, nitrate, phosphate, perchlorate
and carbonate, a salt of a carboxylic acid such as acetic acid,
trichloroacetic acid, trifluoroacetic acid, hydroxyacetic acid,
lactic acid, citric acid, tartaric acid, oxalic acid, benzoic acid,
mandelic acid, butyric acid, maleic acid, propionic acid, for-
mic acid and malic acid, a salt of an acidic amino acid such as
aspartic acid and glutamic acid, a salt of an organic acid such
as methanesulionic acid and p-toluenesulionic acid, and the
like. Further, the compound of the present invention repre-
sented by the general formula (3) 1s administered as a salt of
an anion species represented by X 1in the general formula (3),
preferably a salt of an amion of a halogen such as chlorine,
bromine and 1odine.

Preferred examples of the active ingredient of the serotonin
5-HT3 receptor agonist of the present invention include:
N-(2-methylphenyl)-4-methylpiperazine-1-carboxyamide;
N-(3-methylphenyl)-4-methylpiperazine-1-carboxyamide;
N-(2-hydroxyphenyl )-4-methylpiperazine-1-carboxyamide;
N-(5-chloro-2-hydroxyphenyl)-4-methylpiperazine-1-car-

boxyamide;
N-(2-methylphenyl)-4-methylhomopiperazine-1-carboxya-

mide;
N-(3-methylphenyl)-4-methylhomopiperazine-1-carboxya-
mide;
N-(2-hydroxyphenyl )-4-methylhomopiperazine-1-car-
boxyamide;
N-(5-chloro-2-hydroxyphenyl)-4-methylhomopiperazine-1-
carboxyamide;
N-(3,5-dimethylphenyl)-4-methylhomopiperazine-1-car-
boxyamide;
N-(3,5-dichlorophenyl)-4-methylhomopiperazine-1-car-
boxyamide;
N-(3,5-dichlorophenyl)-4-propylhomopiperazine-1-car-
boxyamide;
N-(3,5-dichlorophenyl)-4-cyclopropylmethylhomopipera-
zine-1-carboxyamide:
N-(3,5-dichlorophenyl)-4-(2-hydroxyethyl)homopipera-
zine-1-carboxyamide
N-(3,5-dichlorophenyl)-4-allylhomopiperazine-1-carboxya-
mide;
N-(3,5-dibromophenyl)-4-methylhomopiperazine-1-car-
boxyamide;
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N-(3,5-dibromophenyl)-4-propylhomopiperazine-1-car-
boxyamide;
N-(3,5-dibromophenyl)-4-cyclopropylhomomethylpipera-
zine-1-carboxyamide;
N-(3,5-dibromophenyl)-4-(2-hydroxyethyl)homopipera-
zine-1-carboxyamide;
N-(3,5-dibromophenyl)-4-allylhomopiperazine-1-carboxya-
mide;
N-(3,5-dibromophenyl)-4-benzylhomopiperazine-1-car-
boxyamide;
N-(3,5-dimethylphenyl)-4-methylpiperazine-1-carboxya-
mide;
N-(3,5-dichlorophenyl)-4-methylpiperazine-1-carboxya-
mide;
N-(3,5-dichlorophenyl)-4-propylpiperazine-1-carboxya-
mide;
N-(3,5-dichlorophenyl)-4-cyclopropylmethylpiperazine-1-
carboxyamide;
N-(3,5-dichlorophenyl)-4-(2-hydroxyethyl)piperazine-1-
carboxyamide;
N-(3,5-dichlorophenyl)-4-allylpiperazine-1-carboxyamide;
N-(3,5-dibromophenyl)-4-methylpiperazine-1-carboxya-
mide:
N-(3,5-dibromophenyl)-4-propylpiperazine-1-carboxya-
mide:
N-(3,5-dibromophenyl)-4-cyclopropylmethylpiperazine-1-
carboxyamide;
N-(3,5-dibromophenyl)-4-(2-hydroxyethyl)piperazine-1-
carboxyamide;
N-(3,5-dibromophenyl)-4-allylpiperazine-1-carboxyamide;
N-(3,5-dibromophenyl)-4-benzylpiperazine-1-carboxya-
mide;
N-(3,5-difluorophenyl)-4-methylpiperazine-1-carboxya-
mide;
N-(3,5-difluorophenyl)-4-propylpiperazine-1-carboxya-
mide;
N-(3,5-difluorophenyl)-4-cyclopropylmethylpiperazine-1-
carboxyamide;
N-(3,5-difluorophenyl)-4-(2-hydroxyethyl)piperazine-1-
carboxyamide;
N-(3,5-ditluorophenyl)-4-allylpiperazine-1-carboxyamide;
N-(3,5-ditluorophenyl)-4-benzylpiperazine-1-carboxya-
mide;
1-allyl-1-methyl-4-(3,5-dimethylphenylcarbamoyl)piper-
azinium 1odide;
1,1-dimethyl-4-(3,5-dimethylphenylcarbamoyl)piper-
azinium 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dimethylphenylcar-
bamoyl)piperazinium 1odide;
1,1-dimethyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinium 1odide;
1 -ethyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinium 1odide;
1 -propyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinium 1odide;
1 -allyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinium 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyl)piperazinium 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyl)piperazinium chloride;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyl)piperazinium bromide;
1 -propyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl )piper-
azinium bromide;
1 -cyclopropylmethyl-1-methyl-4-(3,5-dichlorophenylcar-
bamoyl)piperazinium bromide;
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1-benzyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinium bromide;
1,1-dimethyl-4-(3,5-dichlorophenylcarbamoyl)homopiper-
azinium 1odide;
1-allyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)ho-
mopiperazimum 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyDhomopiperazinium 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyDhhomopiperazinium chloride;
1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbam-
oyDhomopiperazinium bromide;
1 -propyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl ))ho-
mopiperazinium bromide;
1 -cyclopropylmethyl-1-methyl-4-(3,5-dichlorophenylcar-
bamoyl)homopiperazinium bromide;
1-benzyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)ho-
mopiperazinium bromide;
1,1-dimethyl-4-(3-chlorophenylcarbamoyl )homopiper-
azinium 1odide;
1-allyl-1-methyl-4-(3-chlorophenylcarbamoyl )homopiper-
azinium 1odide;:
1-(2-hydroxyethyl)-1-methyl-4-(3-chlorophenylcarbamoyl)
piperazinium 1odide;
1-allyl-1-methyl-4-(3-chlorophenylcarbamoyl )homopiper-
azinium 1odide;
1,1-dimethyl-4-(2-methoxy-5-chlorophenylcarbamoyl)pip-
erazinium 1odide;
1 -allyl-1-methyl-4-(2-methoxy-3-chlorophenylcarbamoyl)
piperazinium 1odide;
1-(2-hydroxyethyl)-1-methyl-4-(2-methoxy-5-chlorophe-
nylcarbamoyl)piperazinium 1odide;
1-allyl-1-methyl-4-(2-methoxy-3-chlorophenylcarbamoyl)
homopiperazinium 1o0dide;
1,1-dimethyl-4-(3-bromophenylcarbamoyl)piperazinium
10dide;
1-allyl-1-methyl-4-(3-bromophenylcarbamoyl)piper-
azinium 1odide:
1-(2-hydroxyethyl)-1-methyl-4-(3-bromophenylcarbamoyl)
piperazinium 1odide;
1 -allyl-1-methyl-4-(3-bromophenylcarbamoyl )homopiper-
azinium 1odide;
1,1-dimethyl-4-(3-fluorophenylcarbamoyl)piperazinium
10dide;
1-allyl-1-methyl-4-(3-fluorophenylcarbamoyl)piperazinium
10dide;
1-(2-hydroxyethyl)-methyl-4-(3-fluorophenylcarbamoyl)
piperazinium 1odide;
1,1-dimethyl-4-(3,5-difluorophenylcarbamoyl )piperazinium
10dide;
1-allyl-1-methyl-4-(3,5-difluorophenylcarbamoyl )piper-
azinium 1odide:
1-(2-hydroxyethyl)-methyl-4-(3,5-difluorophenylcarbam-
oyl)piperazinium 10dide, and the like. However, the active
ingredient of the serotonin 5-HT3 receptor agonist of the
present ivention 1s not limited to these examples.

The serotonin 5-HT3 receptor agonist of the present inven-
tion 1s preferably provided as a pharmaceutical composition
containing a compound represented by the alforementioned
general formula (1) or the general formula (2) or a physiologi-
cally acceptable salt thereof or a compound represented by
the atlorementioned general formula (3) as an active mgredi-
ent and one or more kinds of pharmaceutical additives as
required. The aforementioned pharmaceutical composition
can be administered to humans or mammals other than
humans via either an oral or parenteral admimistration route
(for example, intravenous administration, intramuscular
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administration, subcutancous administration, drip infusion,
transmucosal or percutaneous administration, intrarectal
administration, inhalation, and the like). The aforementioned
pharmaceutical composition can be prepared as a composi-
tion in an appropriate form depending on the administration
route. More specifically, examples of pharmaceutical compo-
sitions suitable for oral administration include tablets, cap-
sules, powders, granules, syrups, and the like. Examples of
pharmaceutical compositions suitable as parenteral agents
include 1injections for intravenous administration or intramus-
cular administration, drip infusions for intravenous adminis-
tration, agents for intrarectal administration, oleaginous sup-
positories, aqueous suppositories, patches for transmucosal
or percutancous administration, inhalants, and the like. These
various pharmaceutical compositions can be prepared 1n a
conventional manner by using one or more kinds of usually
used additives for pharmaceutical preparations such as
excipients, disintegrating agents, binders, lubricants and
colorants.

Examples of usable nontoxic excipients include, for
example, lactose, glucose, corn starch, sorbit, crystalline cel-
lulose, and the like. Examples of disintegrating agents
include, for example, starch, sodium alginate, gelatin, cal-
cium carbonate, calcium citrate, dextrin, and the like.
Examples of binders include, for example, dimethylcellulose,
polyvinyl alcohol, polyvinyl ether, methylcellulose, ethylcel-
lulose, gum arabic, hydroxypropylcellulose, polyvinylpyr-
rolidone, and the like. Examples of lubricants include, for
example, talc, magnesium stearate, polyethylene glycol,
hydrogenated oi1l, and the like. For injections, bufiers, pH
modifiers, stabilizers, and the like can be added as required.

Although the content of the active ingredient in the phar-
maceutical composition varies depending on the form of the
pharmaceutical composition, the amount 1s usually about
0.05 to 50% by mass, preferably about 0.1 to 20% by mass,
based on the total mass of the composition. Doses are suitably
determined for individual patients by taking into account age,
body weight, sexuality, type of disease, severity of symptom,
and the like, and a usual daily dose for adults 1s 0.5 to 1000
mg, preferably 1 to 300 mg. The aforementioned dose can be
administered once d day or several times per day as divided
portions.

EXAMPLES

The present invention will be explained more specifically
with reference to examples. However, the following explana-
tions are given merely as examples and do not limit the scope
of the present mvention. Various modifications and alter-
ations thereof are possible without departing from the scope
of the mvention. The NMR data mentioned 1n the examples
are 0 values obtained by 300 MHz NMR using TMS as the

standard.

Example 1

N-(2-Methylphenyl)-4-methylpiperazine-1-car-
boxyamide

A solution of triphosgene (1.469 g, 4.95 mmol) in chloro-
form (10 ml) was added dropwise with a solution of 1-meth-
ylpiperazine (1.5 g, 15 mmol) 1n chloroform (10 ml) with
stirring under 1ce cooling, and the mixture was stirred atroom
temperature for one hour. The resulting suspension of acid
chlornide was added dropwise with a solution of ortho-tolui-
dine (1.071 g, 10 mmol) 1n chloroform (10 ml), and added
with triethylamine (1.518 g, 15 mmol), and the mixture was
refluxed for 12 hours. The reaction mixture was added to
water to precipitate a diphenyl urea derivative, which was
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separated by filtration. Then, the aqueous layer was made
suificiently acidic with 10% hydrochloric acid and washed
with dichloromethane. The aqueous layer was made sudfi-
ciently basic with 20% aqueous potassium carbonate and
extracted with dichloromethane. The organic layer washed
with a small volume of water and dried over anhydrous
sodium sulfate, and then the solvent was evaporated under
reduced pressure. The resulting mixture was recrystallized

from ethyl acetate/n-hexane to obtain colorless acicular crys-
tals. Melting point: 148-149° C.

"H-NMR (CDCl,): 2.25 (3H, s), 2.34 (3H, s5), 2.45 (4H, t,
I=5Hz),3.52 (4H, t, J=5 Hz), 6.11 (1H, brs), 7.01-7.63 (4H,
m).

Example 2

N-(3-Methylphenyl )-4-methylpiperazine-1-car-
boxyamide

By using meta-toluidine, the title compound was obtained
in the same manner as that used 1n Example 1. Melting point:
88-89° C.

"H-NMR (CDCl,): 2.30 (3H, s), 2.32 (3H, s), 2.44 (4H, t,
J=5Hz),3.51 (4H, t, J=5 Hz), 6.41 (1H, brs), 7.08-7.277 (4H,
m).

Example 3

N-(3,5-Dimethylphenyl)-4-methylpiperazine-1-car-
boxyamide

By using 3,5-dimethylaniline, the title compound was
obtained 1n the same manner as that used in Example 1.
Melting point: 81-82° C.

"H-NMR (CDCl,): 2.32 and 2.33 (9H, s), 2.46 (4H, t, J=5
Hz), 3.44 (4H, t, J=5 Hz), 6.31 (1H, brs), 6.99 (2H, s), 7.03
(1H, s).

Example 4

N-(2-Hydroxyphenyl)-4-methylpiperazine-1-car-
boxyamide

By using 2-aminophenol, the title compound was obtained

in the same manner as that used 1n Example 1. Melting point:
144-146° C.

"H-NMR (DMSO-d,): 2.19 (3H, s), 2.31 (4H, t, J=5 Hz),
3.43 (4H, t, J=5 Hz), 6.74-7.40 (4H, m), 7.96 (1H, brs), 9.71
(1H, brs).

Example 5

N-(3-Chloro-2-hydroxyphenyl)-4-methylpiperazine-
1 -carboxyamide

By using 4-chloro-2-aminophenol, the title compound was
obtained in the same manner as that used in Example 1.
Melting point: 134-135° C.

"H-NMR (DMSO-d,): 2.19 (3H, s), 2.31 (4H, t, J=5 Hz),
3.42 (4H,t, =5 Hz), 6.80-6.89 (3H, m), 7.61 (1H, d, =3 Hz),
7.87 (1H, brs).

Example 6

N-(3,5-Dichlorophenyl)-4-methylpiperazine-1-car-
boxyamide

3,5-Dichlorobenzoic acid (3.82 g, 20 mmol) was added
with thionyl chloride (24.48 g, 205 mmol), and the mixture
was retluxed for 6 hours. After completion of the reaction,
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excess thionyl chloride was evaporated, and the residue was
dried overnight in a desiccator. The resulting acid chloride
was used for the subsequent reaction as 1t was. A suspension
of sodium azide (1.78 g, 35.6 mmol) in acetone (15 ml) was
added dropwise with a solution of 3,5-dichlorobenzoyl chlo-
ride (3.87 g, 18.48 mmol) in acetone (15 ml) with stirnng
under 1ce cooling, and the mixture was stirred with 1ce cool-
ing for 1 hour. The reaction mixture was added with water,
and the deposited crystals were collected by filtration and
dried under reduced pressure to obtain an acid azide com-
pound. A solution of the resulting 3,5-dichlorobenzoyl azide
(0.54 g, 2.5 mmol) i toluene (5 ml) was heated at 60 to 70° C.
until generation ol nitrogen ceased. After eflervescence
ceased, the mixture was added with a solution of 1-meth-
ylpiperazine (0.275 g, 2.75 mmol) i toluene (3 ml), and the
mixture was stirred for 5 minutes. The reaction mixture was
added with water, and the aqueous layer was made sufili-
ciently acidic with 10% hydrochloric acid and washed with
dichloromethane. Then, the aqueous layer was made sufili-
ciently basic with 20% aqueous potassium carbonate and
extracted with dichloromethane. The organic layer washed
with a small volume of water and dried over anhydrous
sodium sulfate, and then the solvent was evaporated under
reduced pressure. The resulting mixture was recrystallized
from ether/n-hexane for purification to obtain colorless prism
crystals. Melting point: 184-185° C.

"H-NMR (CDCl,): 2.32 (3H, 5), 2.43 (4H, t, J=5 Hz), 3.50
(4H,t, J=5Hz),6.50(1H, brs), 7.00(1H, s), 7.31-7.32 (2H, s).

Example 7

N-(3,5-Dichlorophenyl)-4-(2-hydroxyethyl)pipera-
zine-1-carboxyamide

By using 1-piperazinecthanol, the title compound was
obtained 1n the same manner as that used in Example 6.
Melting point: 95-96° C.

"H-NMR (CDCl,): 2.55-2.62 (6H, m), 3.50 (4H, t, J=5
Hz), 3.66 (2H, t, J=5 Hz), 6.36 (1H, brs), 7.02 (1H, s), 7.33-
7.35 (2H, s).

Example 8

1-Allyl-1-methyl-4-(3,5-dimethylphenylcarbamoyl)
piperazinium 1odide

A solution of N-(3,5-dimethylphenyl)-4-methylpipera-
zine-1-carboxyamide (0.165 g, 0.67 mmol) obtained 1n
Example 3 1n tetrahydroturan (5 ml) was added dropwise with
a solution of allyl 10dide (0.562 g, 3.35 mmol) 1n tetrahydro-
turan (5 ml) with stirring under 1ce cooling. The mixture was
stirred at room temperature for 3 hours, and the deposited
crystals were collected by filtration and recrystallized from
methanol/acetone to obtain colorless acicular crystals. Melt-
ing point: 235-236° C.

"H-NMR (CD,0OD): 3.18 (3H, s), 3.51-3.54 (4H, m), 3.78-
3.84 (2H, m), 4.03-4.15 (4H, m), 5.75-5.80 (2H, m), 6.09-
6.15 (1H, m), 6.99 (2H, s), 7.03 (1H, s).

Example 9

1,1-Dimethyl-4-(3,5-dichlorophenylcarbamoyl)pip-
erazinium 1odide

A solution of N-(3,5-dichlorophenyl)-4-methylpipera-
zine-1-carboxyamide (0.193 g, 0.67 mmol) obtained 1n
Example 6 in tetrahydroturan (5 ml) was added dropwise with
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a solution of methyl 10dide (0.472 g, 3.35 mmol) 1n tetrahy-
drofuran (5 ml) with stirring under i1ce cooling. The reaction
mixture was stirred at room temperature for 3 hours, and the
deposited crystals were collected by filtration and recrystal-
lized from methanol/acetone to obtain colorless acicular crys-
tals. Melting point: 208-209° C.

"H-NMR (CD,0D): 3.26 (6H,s),3.52 (4H, t, ]I=5Hz), 3.89
(4H, brs), 7.08 (1H, t, J=2 Hz), 7.32 (2H, d, J=2 Hz).

Example 10

1-Allyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)
piperazinium 1odide

By using N-(3,35-dichlorophenyl)-4-methylpiperazine-1-
carboxyamide obtained in Example 6, the title compound was

obtained 1n the same manner as that used in Example 8.
Melting point: 219-220° C.

'H-NMR (CD,OD): 3.18 (31, 5), 3.51-3.54 (4H, m), 3.78-
3.84 (2H, m), 4.03-4.15 (4H, m), 5.75-5.80 (2H, m), 6.09-
6.15 (1H, m), 7.08 (1H, t, J=2 Hz), 7.32 (2H, d, =2 Hz).

Example 11

1-(2-Hydroxyethyl)-1-methyl-4-(3,5-dichlorophenyl-
carbamoyl)-piperazinium 1odide

By using N-(3,5-dichlorophenyl)-4-(2-hydroxyethyl)pip-
erazine-1-carboxyamide obtained i Example 7, the title
compound was obtained in the same manner as that used 1n

Example 9. Melting point: 194-196° C.

"H-NMR (CD,0OD): 3.31 (3H, s), 3.56-3.67 (6H, m), 3.88-
3.95(4H, m), 4.06 (2H, brs), 7.07 (1H, t, J=2 Hz), 7.32 (2H,
d, =2 Hz).

Example 12

1-Propyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)
piperazimium bromide

A solution of N-(3,5-dichlorophenyl)-4-methylpipera-
zine-1-carboxyamide (0.2 g, 0.69 mmol) obtained 1n
Example 6 1n tetrahydrofuran (5 ml) was stirred with ice
cooling, and added dropwise with a solution of propyl bro-
mide (0.42 g, 3.45 mmol) in tetrahydrofuran (5 ml), and the
mixture was stirred at 60° C. for 12 hours. The deposited
crystals were collected by filtration and recrystallized from
methanol/ether to obtain colorless acicular crystals. Melting,
point: 249-250° C.

"H-NMR (CD,OD): 1.05 (3H, t, J=7 Hz), 1.81-1.89 (2H,
m),3.19 (3H, s), 3.40-3.52 (2H, m), 3.50-3.53 (4H, m), 3.75-
3.84 and 3.99-4.04 (4H, m), 7.08 (1H, s), 7.46 (2H, s).

Example 13

1-Cyclopropylmethyl-1-methyl-4-(3,5-dichlorophe-
nylcarbamoyl)-piperazinium bromide

A solution of N-(3,5-dichlorophenyl)-4-methylpipera-
zine-1-carboxyamide (0.2 g, 0.69 mmol) obtained 1n
Example 6 1n tetrahydroturan (5 ml) was added dropwise with
a solution of cyclopropylmethyl bromide (0.465 g, 3.45
mmol) i tetrahydrofuran (5 ml) with stirring under ice cool-
ing, and the mixture was refluxed by heating for 12 hours. The
deposited crystals were collected by filtration and recrystal-
lized from methanol/dichloromethane to obtain colorless
acicular crystals. Melting point: 218-219° C.
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"H-NMR (CD,OD): 0.48-0.53 and 0.83-0.90 (4H, m),
1.22-1.27 (1H,m),3.28 (3H),3.42 (2H, d, =7 Hz),3.57 (4H,
brs), 3.76-3.80 and 4.03-4.08 (4H, m), 7.08 (1H, s), 7.4"7 (2H,
S ).

Example 14

1-Benzyl-1-methyl-4-(3,5-dichlorophenylcarbamoyl)
piperazinium bromide

A solution of N-(3,3-dichlorophenyl)-4-methylpipera-
zine-1-carboxyamide (0.2 g, 0.69 mmol) obtained 1n
Example 6 1n tetrahydroturan (5 ml) was added dropwise with
a solution of benzyl bromide (0.589 g, 3.45 mmol) 1n tetrahy-
drofuran (5 ml) with stirring under 1ce cooling, and the mix-
ture was stirred at room temperature for 12 hours. The depos-
ited crystals were collected by filtration and recrystallized
from methanol/tetrahydrofuran to obtain colorless acicular
crystals. Melting point: 242-244° C.

"H-NMR (CD,0D): 3.13 (3H, s), 3.45-3.78 (6H, m), 4.16-
4.21(2H,m),4.68 (2H,s)7.08 (1H,s), 7.47 (2H, s) 7.55-7.61
(5H, m).

Example 15

1,1-Dimethyl-4-(3-chlorophenylcarbamoyl)piper-
azinium 1odide

a) By using 3-chlorobenzoic acid, N-(3-chlorophenyl)-4-me-
thylpiperazine-1-carboxyamide was obtained in the same

manner as that used in Example 6. Melting point: 104-105°
C

"H-NMR (CDCl,): 2.33 (3H, s), 2.45 (4H, t, J=5 Hz), 3.51

(4H, t, =5 Hz), 6.35 (1H, brs), 6.98-7.26 (4H, m).

b) By using N-(3-chlorophenyl)-4-methylpiperazine-1-car-
boxyamide obtained in (a), the ftitle compound was
obtained in the same manner as that used 1 Example 9.
Melting point: 209-211° C.

"H-NMR (CD.,0OD): 3.27 (6H, s),3.53 (4H, t, J=5Hz), 3.90

(4H, brs), 6.95-7.04 (2H, m), 7.75 (1H, d, J=2 Hz).

Example 16

1-Allyl-1-methyl-4-(3-chlorophenylcarbamoyl)piper-
azinium 1odide

By using N-(3-chlorophenyl)-4-methylpiperazine-1-car-
boxyamide obtained 1n Example 135, (a), the title compound
was obtained 1n the same manner as that used 1n Example 8.
Melting point: 229-230° C.

"H-NMR (CD,0OD): 3.18 (3H, s), 3.51-3.54 (4H, m), 3.78-
3.84 (2H, m), 4.03-4.15 (4H, m), 5.75-5.80 (2H, m), 6.09-
6.15(1H, m),7.02-7.05(1H,m), 7.22-7.30 (1H,m), 7.55 (1H,

S ).

Example 17

1-(2-Hydroxyethyl)-1-methyl-4-(3-chlorophenylcar-
bamoyl)piperazinium 1odide

a) By using 3-chlorobenzoic acid and 1-piperazineethanol,
N-(3-chlorophenyl)-4-(2-hydroxyethyl)piperazine-1-car-
boxyamide was obtained 1in the same manner as that used in
Example 6.

"H-NMR (CDCl,): 2.55-2.62 (6H, m), 3.51-3.54 (4H, m),

3.66 (2H, t, =5 Hz), 6.41 (1H, brs), 7.00-7.03 (1H, m),

7.19-7.26 (2H, m), 7.46 (1H, s).
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b) By using N-(3-chlorophenyl)-4-(2-hydroxyethyl)pipera-
zine-1-carboxyamide obtained in (a), the title compound

was obtained 1n the same manner as that used 1n Example
9. Melting point: 169-170° C.

'H-NMR (CD,0D): 3.31 (3H, 5), 3.56-3.67 (6H, m), 3.88-
3.95 (4H, m), 4.06 (2H, brs), 7.01-7.28 (3H, m), 7.55 (1H, s).

Example 18

1-Allyl-1-methyl-4-(3-chlorophenylcarbamoyl)ho-
mopiperazinium 1odide

a) By using 3-chlorobenzoic acid and 1-methylhomopipera-
zine, N-(3-chlorophenyl)-4-methylhomopiperazine-1-car-
boxyamide was obtained in the same manner as that used 1n
Example 7. Melting point: 117-118° C.

"H-NMR (CDCl,): 1.96-2.00 (2H, m), 2.38 (3H, s), 2.59-
2.69 (4H, m), 3.56-3.68 (4H, m), 6.33 (1H, brs), 6.98-7.01
(1H, m), 7.16-7.22 (2H, m), 7.51 (1H, s).

b) By using N-(3-chlorophenyl)-4-methylhomopiperazine-1-
carboxyamide obtained in (a), the title compound was
obtained in the same manner as that used 1n Example 9.

Melting point: 185-186° C.

"H-NMR (CD,0OD): 2.34 (2H, brs), 3.14 (3H, s), 3.58-3.63
(4H, m), 3.68 (2H, t, =6 Hz), 3.89-4.14 (4H, m), 5.73-5.78
(2ZH,m), 6.08-6.16 (1H,m),7.01-7.05(1H, m), 7.21-7.33 (12,
m), 7.57 (1H, t, J=2 Hz).

Example 19

1,1-Dimethyl-4-(2-methoxy-5-chlorophenylcarbam-
oyl)piperazinium 1odide

a) By using 5-chloro-2-methoxybenzoic acid and 1-meth-
ylpiperazine, N-(3-chloro-2-methoxyphenyl )-4-meth-
ylpiperazine-1-carboxyamide was obtained in the same
manner as that used 1n Example 6. Melting point: 80-82° C.
"H-NMR (CDC,): 2.33 (3H, s), 2.45 (4H, t, =5 Hz), 3.52

(4H, t, J=5 Hz), 3.82 (3H, s), 6.73-6.91 (3H, m), 7.09 (1H,

brs), 8.24 (1H, d, J=3 Hz).

b) By using N-(5-chloro-2-methoxyphenyl)-4-methylpipera-
zine-1-carboxyamide obtained in (a), the title compound
was obtained in the same manner as that used in Example

9. Melting point: 208-210° C.

'"H-NMR (CD,0D): 3.27 (6H, s),3.53 (4H, t, ]J=5Hz), 3.87
(3H, s), 3.90 (4H, brs), 6.95-7.04 (2H, m), 7.75 (1H, d, J=2
Hz).

Example 20

1-Allyl-1-methyl-4-(2-methoxy-5-chlorophenylcar-
bamoyl)piperazinium 10dide

By using N-(5-chloro-2-methoxyphenyl)-4-methylpipera-
zine-1-carboxyamide obtained 1n Example 19, (a), the title
compound was obtained in the same manner as that used 1n
Example 8. Melting point: 224-225° C.

"H-NMR (CD.,OD): 3.18 (3H, s),3.51-3.52 (4H, m), 3.81-
3.85(2H,m),3.87 (3H, s),4.02-4.05 2H,m)4.15 (2H, d, I=7
Hz), 5.75-5.80 (2H, m), 6.08-6.17 (1H, m), 7.07-7.07 (2H,
m), 7.75 (1H, s).

Example 21

1-(2-Hydroxyethyl)-1-methyl-4-(2-methoxy-5-chlo-
rophenylcarbamoyl)-piperazinium 1odide

a) By using 5-chloro-2-methoxybenzoic acid and 1-pipera-
zineethanol, N-(5-chloro-2-methoxyphenyl )-4-(2-hy-
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droxyethyl)piperazine-1-carboxyamide was obtained in
the same manner as that used 1n Example 6. Melting point:

87-88° C.

"H-NMR (CDCL,): 2.54-2.62 (6H, m), 3.51-3.54 (4H, m),
3.66 (2H, t,J=5Hz),3.87 (3H, s), 6.73 (1H, d, J=8 Hz), 6.92
(1H, dd, J=8 and 3 Hz), 7.10 (1H, brs), 8.22 (1H, d, J=3 Hz).
b) By using N-(3-chloro-2-methoxyphenyl)-4-(2-hydroxy-

cthyl)piperazine-1-carboxyamide obtained 1n (a), the title

compound was obtained 1n the same manner as that used in

Example 9. Melting point: 149-150° C.

"H-NMR (CD.,OD): 3.32 (3H, s), 3.56-3.74 (6H, m), 3.87
(3H, s),3.91-3.94 (4H, m), 4.06 (2H, brs), 6.95-7.06 (3H, m),
7.76 (1H, s).

Example 22

1-Allyl-1-methyl-4-(2-methoxy-5-chlorophenylcar-
bamoyl)-homopiperazimum 1odide

a) By using 3-chloro-2-methoxybenzoic acid and 1-methyl-
homopiperazine, N-(5-chloro-2-methoxyphenyl)-4-meth-
ylhomopiperazine-1-carboxyamide was obtained in the
same manner as that used in Example 6. Melting point:
90-91° C.

"H-NMR (CDCL,): 1.97-2.01 (2H, m), 2.38 (3H, s), 2.59-
2.69(4H,m),3.57-3.69(4H, m),3.86 (3H,s),6.72 (1H, d, J=8
Hz), 6.88 (1H, dd, J=8 and 3 Hz), 7.07 (1H, brs), 8.27 (1H, d,
J=3 Hz).

b) By using N-(5-chloro-2-methoxyphenyl)-4-methylho-
mopiperazine-1-carboxyamide obtained in (a), the ftitle

compound was obtained 1n the same manner as that used in
Example 8. Melting point: 169-171° C.

'H-NMR (CD,0D): 2.34 (2H, brs), 3.14 (3H, 5), 3.78-3.63
(4H, m), 3.68 (2H, t, J=6 Hz), 3.88 (3H, 5), 3.91-4.13 (4H, m),
5.73-5.78 (2H, m), 6.08-6.16 (1H, m), 6.95-7.06 (2H, m).
7.84 (1H, d, J=2 Hz).

Example 23

1,1-Dimethyl-4-(3-bromophenylcarbamoyl)piper-
azinium 1odide

a) By using 3-bromobenzoic acid and 1-methylpiperazine,
N-(3-bromophenyl)-4-methylpiperazine-1-carboxyamide
was obtained 1n the same manner as that used in Example
6. Melting point: 108-109° C.

"H-NMR (CDCl,): 2.33 (3H, 5), 2.44 (4H, t, J=5 Hz), 3.51
(4H, t, J=5 Hz), 6.377 (1H, brs), 7.12-7.27 (3H, m), 7.60 (1H,
brs).

b) By using N-(3-bromophenyl)-4-methylpiperazine-1-car-
boxyamide obtained in (a), the ftitle compound was

obtained in the same manner as that used 1 Example 9.
Melting point: 2135-218° C.

'H-NMR (CD,0D): 3.26 (6H, 5),3.52 (4H, t, ]=5 Hz), 3.89
(4H, brs), 7.17-7.34 (3H, m), 7.69 (1H, s).

Example 24

1-Allyl-1-methyl-4-(3-bromophenylcarbamoyl)pip-
erazinium 1odide

By using N-(3-bromophenyl)-4-methylpiperazine-1-car-
boxyamide obtained 1n Example 23, (a), the title compound
was obtained 1n the same manner as that used 1n Example 8.
Melting point: 220-223° C.

"H-NMR (CD,0D): 3.18 (3H, s), 3.50-3.54 (4H, m), 3.76-
3.85(2H, m), 4.02-4.07 (2H, m), 4.15 (2H, d, J=7 Hz), 5.74-
5.80 (ZH, m), 6.08-6.17 (1H, m), 7.18-7.20 (2H, m), 7.31-
7.35 (1H, m), 7.70 (1H, s).
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Example 25

1-(2-Hydroxyethyl)-1-methyl-4-(3-bromophenylcar-
bamoyl)piperazinium 10dide

a) By using 3-bromobenzoic acid and 1-piperazineethanol,
N-(3-bromophenyl)-4-(2-hydroxyethyl)piperazine-1-car-
boxyamide was obtained in the same manner as that used 1n
Example 6. Melting point: 110-112° C.

"H-NMR (CDCl,): 2.52-2.61 (6H, m), 3.50-3.53 (4H, m),
3.66 (2H, t, =5 Hz), 6.44 (1H, brs), 7.10-7.28 (3H, m), 7.59
(1H, s).

b) By using N-(3-bromophenyl)-4-(2-hydroxyethyl)pipera-
zine-1-carboxyamide obtained in (a), the title compound
was obtained in the same manner as that used in Example

9. Melting point: 163-164° C.
"H-NMR (CD,OD): 3.31 (3H, s), 3.56-3.67 (6H, m), 3.88-
3.95(4H, m), 4.06 (2H, brs), 7.17-7.34 (3H, m), 7.69 (1H, s).

Example 26

1-Allyl-1-methyl-4-(3-bromophenylcarbamoyl )ho-
mopiperazinium 1odide

a) By using 3-bromobenzoic acid and 1-methylhomopipera-
zine,  N-(3-bromophenyl)-4-methylhomopiperazine-1-
carboxyamide was obtained in the same manner as that
used 1n Example 6. Melting point: 123-124° C.

"H-NMR (CDCl,): 1.97-2.00 (2H, m), 2.38 (3H, s), 2.60-
2.65 (4H, m), 3.56-3.68 (4H, m), 6.29 (1H, brs), 7.12-7.30
(3H, m), 7.64 (1H, s).

b) By using N-(3-bromophenyl)-4-methylhomopiperazine-
1 -carboxyamide obtained 1n (a), the title compound was

obtained in the same manner as that used 1n Example 8.
Melting point: 172-174° C.

'H-NMR (CD,0OD): 2.34 (2H, brs), 3.14 (3H, s), 3.58-3.63
(4H, m), 3.68 (2H, t, J=6 Hz), 3.89-4.14 (4H, m), 5.73-5.78
(2H, m), 6.08-6.16 (1H, m), 7.17-7.37 (3H, m), 7.72 (1H,
brs).

Example 27

1,1-Dimethyl-4-(3-fluorophenylcarbamoyl)piper-
azinium 1odide

a) By using 3-fluorobenzoic acid and 1-methylpiperazine,
N-(3-tfluorophenyl)-4-methylpiperazine-1-carboxyamide
was obtained 1n the same manner as that used 1n Example
6. Melting point: 122-123° C.

"H-NMR (CDCL,): 2.33 (3H, s), 2.45 (4H, t, J=5 Hz), 3.51
(4H, t, J=5 Hz), 6.39 (1H, brs), 6.72-6.80 (1H, m), 6.97-7.32
(3H, m).

b) By using N-(3-fluorophenyl)-4-methylpiperazine-1-car-
boxyamide obtamned 1n (a), the title compound was

obtained in the same manner as that used 1n Example 9.

Melting point: 193-195° C.
"H-NMR (CD,0OD): 3.27(6H, s), 3.54 (4H, t, J=5Hz), 3.92
(4H, brs), 6.72-6.79 (1H, m), 7.13-7.34 (3H, m).

Example 28

1,1-Dimethyl-4-(3,5-difluorophenylcarbamoyl)piper-
azinium 1odide

a) By using 3,5-ditfluorobenzoic acid and 1-methylpiperazine,
N-(3,5-difluorophenyl)-4-methylpiperazine-1-carboxya-
mide was obtained in the same manner as that used 1n
Example 6. Melting point: 150-151° C.
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"H-NMR (CDCl,): 2.33 (3H, s), 2.44 (4H, t, J=5 Hz), 3.51
(4H, t, =5 Hz), 6.39-6.48 (2H, m), 6.95-6.99 (2H, m).
b) By using N-(3,5-difluorophenyl)-4-methylpiperazine-1-
carboxyamide obtained in (a), the title compound was
obtained in the same manner as that used 1 Example 9.

Melting point: 225-228° C.
"H-NMR (CD,0D): 3.27 (6H, s),3.53 (4H, t, J=5Hz), 3.90
(4H, brs), 6.55-6.61 (1H, m), 7.09-7.13 (2H, m).

Example 29

1-(2-Hydroxyethyl)-1-methyl-4-(3,5-dichlorophenyl-
carbamoyl)-piperazinium chloride

Amberlite IRA-400 resin (100 ml), a strongly basic 1on
exchange resin, was added with 1 N aqueous sodium hydrox-
ide (200 ml), left for 30 minutes, then collected by filtration
t_’lrough a glass filter and Washed with distilled water. Then,
the resin was added with 1 N aqueous hydrochloric acid (200
ml), left for one hour, then collected by filtration through a
glass filter and washed with distilled water until pH of the
filtrate became neutral to obtain an 10n exchanger. 1-(2-Hy-
droxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbamoyl)pip-
erazinium 1odide obtained in Example 11 was subjected to 1on
exchange chromatography (methanol:water=10:1) using the

resulting 10n exchanger to obtain the title compound. Melting,
point: 154-156° C.

Example 30

1-(2-Hydroxyethyl)-1-methyl-4-(3,5-dichlorophenyl-
carbamoyl)-piperazinium bromide

By using 1 N aqueous hydrobromic acid, the title com-
pound was obtained in the same manner as that used in
Example 29. Melting point: 159-161° C.

Test Example 1

Serotonin 5-HT3 Receptor Binding Affinity

Serotonin 5-HT3 receptor binding aifinities of the urea
derivatives of the present invention and typical compounds
among known urea derivatives, N-phenyl-4-methylpipera-
zine-1-carboxyamide (A), N-(4,5-dichlorophenyl)-4-meth-
ylppiperazine-1-carboxyamide (B), N-(3,5-trifluorometh-
ylphenyl)-4-methylpiperazine-1-carboxyamide (C), N-(3-
fluorophenyl)-4-methylpiperazine-1-carboxyamide (D) and
N-(5-chloro-2-methoxyphenyl)-(4-tert-butyloxycarbon-
ylpiperazine)-1-carboxyamide (E), were determined by the
tollowing method, and the results are shown 1n Table 1. The
test compounds of the present invention are mentioned with
the example numbers.

According to the method of Boess et al. (Neuropharmacol-
ogy, 36, 637-6477, 1997), allinities were examined by using a
membrane Iraction obtained from HEK-293 cells and a
ligand selective to the serotonin 5-HT3 receptor, [3H]-GR-
65630 [3-(5-methyl-1H-1imidazol-4-y1)-1-(1-methyl-1H-1n-
dol-3-yl)-1-propanone] on the basis of inhibitory actions of
the test compounds on the specific binding to GR-65630 as an
index. The results of the test for inhibition of binding to the
serotonin 5-HT3 receptor are shown in Table 1. As clearly
understood from the results shown i1n the table, the com-
pounds of the present invention have a more potent binding,
action on the serotonin 5-HT3 receptor than the known urea
derivatives having a similar structure.
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TABL.

L1

1

Serotonin 5-HT3 receptor binding athinity

[3H]-GR65630 binding

Compound inhibition rate at 1 uM

Compound
Compound
Compound

of Exampl
of Exampl
of Exampl

ed

e 9

81%

101%
104%

105%
104%
98%
98%
96%
94%
92%
98%

1%
22%

2%
28%

5%

of Example 1
of Example 1
of Example 1
of Example 1
of Example 1
of Example 1
of Example 20
of Example 21

Compound
Compound
Compound
Compound
Compound
Compound
Compound
Compound

b D D D
T N U T N T e

W o O W

Test Example 2
Test for Serotonin 5-HT3 Receptor Partially
Activating Action

The serotonin 5-HT3 receptor antagonistic action and the
serotonin 5-HT3 receptor activating action of 1-(2-hydroxy-
cthyl)-1-methyl-4-(3,5-dichlorophenylcarbamoyl)piper-
azinmium 10dide as the compound of the present invention were

determined according to the method of Butler et al. (Br. 1.
Pharmacol, 94, 397-412, 1988). The results are shown 1n
Table 2.

About 30-mm longitudinal muscle samples were prepared
from the ileums of male or female Hartley guinea pigs
(325+25 ¢g). Each sample was hung down i a Magnus tube
filled with 10 ml of Krebs solution (pH 7.4, 32° C.) with
ventilation of a mixed gas (95% O,, 5% CO,), and loaded
with a tension of 1 g, and contractile responses were mea-
sured 1sometrically. The serotonin 5-H'T3 receptor activating
action of the test compound was represented in terms of a
relative value obtained by comparison of the contraction
obtained by adding 2.6 uM of serotonin 5-HT to the sample
and the contraction of 50% or more obtained within 5 minutes
as a percentage based on the maximum contraction. The
serotonin 5-HT3 receptor antagonistic action of the test com-
pound was obtained from the contraction suppression rate

obtained by adding serotonin 5-HT to the sample.

TABL.

L1

2

Test for serotonin 5-HT?3 receptor activating action

Concentration Actrvating action Antagonistic action

100 uM
30 uM
10 pM

3 uM
1 pM

23%
31%
14%
4%
0%

36%
27%
37%
30%
15%

Itwas confirmed that 1-(2-hydroxyethyl)-1-methyl-4-(3,3-
dichlorophenylcarbamoyl)piperazinium 1odide as the com-
pound of the present invention was a superior serotonin
5-HT3 receptor agonist having both the serotonin 5-HT3
receptor antagonistic action and the serotonin 5-H'T3 receptor
activating action. Therefore, the compound of the present
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invention 1s effective as a receptor agonist having a serotonin
5-HT3 receptor partially activating action, and useful as a
medicament based on these actions.

Test Example 3

Antiemetic Action on Cisplatin-Induced Emesis 1n
Dogs

Actions on cisplatin-induced emesis 1 beagles of 1-(2-
hydroxyethyl)-1-methyl-4-(3,5-dichlorophenylcarbamoyl)
piperazinium bromide as the compound of the present inven-
tion and S-chloro-2-(1-homopiperazinyl)-7-
methylbenzooxazole (F) (International Publication WOO00/
31073), which 1s a benzoxazole dertvative having a chemaical
structure similar to that of the novel urea derivative of the
present invention among the known serotonin 5-HT3 receptor
partially activating agents, were determined by the following,
method. The results are shown 1n Table 3. The compound of
the present invention 1s mentioned with the example number.

After starvation for 16 hours from one day before the day of
the test, beagles (each group consisted of two dogs) were
given 300 g of feed pellets and intravenously received cispl-
atin at a dose of 3 mg/kg 30 minutes later. The test compound
was intravenously given 30 minutes before the administration
of cisplatin, and frequency and time of emesis were moni-
tored over 6 hours.

TABL

(L.

3

Antiemetic action on emesis induced by cisplatin

Number of emesis Time of initial

Compound Animal  Dose Oto 120 121to 360  occurrence
oroup No. (mgkg) (minute) (minute) (minute)
Control 1 — 4 29 96

2 — 1 21 120
g 3 0.5 8 6 79

4 0.5 14 15 88
Example 30 5 0.5 0 1 165

6 0.5 0 0 —

As clearly understood from the results of the aforemen-
tioned test, 1-(2-hydroxyethyl)-1-methyl-4-(3,5-dichlo-
rophenylcarbamoyl)piperazinium bromide as the compound
of the present invention (Example 30) effectively suppressed
the cisplatin-induced emesis 1n dogs. It 1s reported that cispl-
atin-induced emesis occurs 90 minutes aifter administration
(Folia Pharmacol. Jpn., 108, 233-242, 1996), whilst emesis
occurred within 90 minutes after the administration when the
known benzoxazole dertvative (F) was administered. This
result can be understood that the benzoxazole dertvative hav-
ing the serotonin 3-HT3 receptor activating action easily
passed through the blood-brain barrier, as being a highly
lipid-soluble substance having a low molecular weight, and
stimulated the area postrema of the medulla oblongata includ-
ing the emesis center. Whilst, as for the compound of the
present invention, no emesis was observed at the initial stage
of the admimistration thereof, although the compound has the
serotonin 5-HT3 receptor activating action, which revealed
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that the compound has no action on the central nerve system.
This result can be understood that the compound of the
present invention as a quaternary salt did not pass through the
blood-brain barrier.

INDUSTRIAL APPLICABILITY

A serotonin 5-H'T3 receptor agonist containing the com-
pound represented by the aforementioned general formula (1)
or (2) or a physiologically acceptable salt thereof or the com-
pound represented by the aforementioned general formula (3)
as an active ingredient has both a serotonin 5-HT3 receptor
antagonistic action and a serotonin 5-HT3 receptor activating
action, and 1s usetul as a medicament for prophylactic and/or
therapeutic treatment of a disease associated with the seroto-
nin 5-HT3 receptor, for example, emesis caused by anticancer
agents such as cisplatin or radiation 1rradiation, nausea or
emesis 1n kinetosis such as motion sickness, gastrointestinal
motility disorders, 1rritable bowel syndrome, headache, neu-
ralgia, anxiety symptoms, depression, mental diseases, diar-
rhea, constipation, and the like as a potent serotonin 5-HT?3
receptor agonist with reduced adverse reactions.

The mvention claimed 1s:

1. A compound represented by the general formula (3):

|Formula 3]
R12 Rl? (CH2)111 ng
R!3 r‘q N/ \N{ A
N7 TR ~N /7 N\
‘ (CH;), RV
O
R14/ F R 16
RIS
3

wherein R"*, R*, R*, R" and R'® may be the same or

different, and represent hydrogen atom, a halogen atom, a
lower alkoxy group, trifluoromethyl group, a substituted or
unsubstituted lower alkyl group, a substituted or unsubsti-
tuted lower alkenyl group, or a substituted or unsubstituted
amino group, any two groups among R"*, R'>, R'*, R'> and
R'® may bind to each other to form a cyclic structure (the
cyclic structure 1s a 3- to 7-membered cyclic structure con-
sisting only of carbon atoms or a 5- to 7-membered cyclic
structure consisting of carbon atoms and one or two hetero
atoms, and may have one or more the same or different
substituents on the ring), R'’ represents hydrogen atom, a
substituted or unsubstituted lower alkyl group, or a substi-
tuted or unsubstituted lower alkenyl group, R'® and R'” may
be the same or different, and represent a substituted or unsub-
stituted lower alkyl group, alower alkenyl group, or an aralkyl
group, X~ represents a physiologically acceptable anion spe-
cies, and m and n may be the same and different, and represent
an mteger of 1 to 3.

2. A serotomin 5-HT3 receptor agonist comprising the com-
pound represented by the general formula (3) according to
claim 1 as an active ingredient.
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